On the basis of recently measured Rb 2 bound-state energies and continuum properties, we predict magnetically-induced Feshbach resonances in collisions of ultracold rubidium atoms. The resonances make it possible to control the sign and magnitude of the effective particle-particle interaction in a Rb Bose condensate by tuning a bias magnetic field. For the case of 85 Rb they occur at field values in the range where these atoms can be magnetostatically trapped. For 87 Rb they are predicted to occur at negative field values.
The observation of Bose Einstein condensation (BEC) in dilute ultracold gas samples of rubidium [1] , lithium [2] and sodium atoms [3] has made it possible for the first time to study this macroscopic quantum phenomenon in its pure form without complicated modifications due to strong interactions. A variety of new experiments has been proposed or already carried out, fascinating examples being the observation of collective shape oscillations and the observation of the relative phase of two Bose condensates [4, 5] . A rich variety of other experiments would come into reach if one could alter arbitrarily, possibly even in real time, the sign and magnitude of the atom-atom scattering length a. The scattering length occurs as the coefficient of the condensate self-interaction term in the condensate wave equation and has a profound effect on the stability and other properties of the condensate. An opportunity to change this parameter would arise if it were possible to tune the scattering length by means of external fields, i.e. either a static magnetic field [6] or a time-dependent optical [7] or rf field [8] .
A situation where a can be changed between positive and negative values either through 0 or ±∞ by tuning a dc magnetic field is that of a Feshbach-type resonance between the initial two-atom continuum state and a quasibound molecular state at a common value of the energy [9] . Due to their different spin structures these states have different g-factors, so that the continuum and bound state energies can be tuned into resonance at specific values of B. If we can find a resonance at a field value for which the atoms can be magnetostatically trapped, the above situation of a tunable scattering length should be readily achievable experimentally. In particular, changing the sign of a from positive to negative would turn a stable condensate into a collapsing unstable one, of which the time-development can be studied. A variety of other experiments would become possible too. For instance, a could be changed on the time scale of the resonance lifetime or the particle interaction could be made repulsive in one part of space and attractive in an other.
Rubidium atoms were the first atomic species for which BEC has been realized. The purpose of this paper is to point out that they may also be the atomic species for which B-field tuning of the scattering length is first achieved. For rubidium atoms the information available on the atom-atom interaction has long been insufficient for a prediction of the kind we envisage. This situation has drastically changed by the observation of two coexisting 87 Rb condensates [10] and by the results of a two-color photoassociation (PA) experiment on a cold 85 Rb gas sample [11] . In the latter experiment the last 20 GHz of bound levels in the lowest molecular singlet and triplet states was measured, allowing us to precisely determine a complete set of Rb 2 interaction parameters.
Before these developments, important information on the low-energy collision properties had been obtained from cold-atom photoassociation work in our two groups on rubidium atoms, leading to a rather accurate knowledge of the long-range collisional wave function in the triplet channel by the observation of its node structure [12] and by the observation of shape resonances [13, 14] . Due to the hyperfine interaction pure singlet incident collision channels do not exist. As a consequence, information on the singlet interaction properties can only be obtained by studying mixed singlet-triplet collision channels. Very useful, but still insufficient, information of this kind came available [15] via a measurement of the absolute value of the scattering length a 1,−1 for elastic collisions of cold 87 Rb atoms in the |f, m f = |1, −1 hyperfine state (see Fig. 1 for the ground-state hyperfine diagrams of 87 Rb and 85 Rb). As pointed out above, very important additional information came from the recent observation of overlapping |2, 2 and |1, −1 Bose condensates [10] . Three groups have independently pointed out that the extremely small rate constant G (2,2)+(1,−1) for decay due to collisions between atoms in the two different states, implied by the stability of the double Bose condensates, should be a strongly constraining factor in the determination of the remaining cold collision properties [16] [17] [18] . In the following we will show that this and all other available 85 Rb + 85 Rb and 87 Rb + 87 Rb cold-collision observations fit into a consistent picture, which can be derived from the bound states of the two-color PA experiment [11] .
This allows us to make a reliable and accurate prediction of Feshbach resonances.
In order to calculate bound or continuum state wavefunctions, we write the Rb 2 longrange interaction potentials in the form
with the exchange part taken from Smirnov and Chibisov [19] , the dispersion coefficients C 8
and C 10 from a calculation by Marinescu et al. [20] , and C 6 from previous photoassociation work [14] . We do not need the full information on the short-range singlet (S=0) and triplet (S=1) interaction potentials. Rather, this information is summarized in a boundary condition on the S=0 and S=1 radial wave functions at the interatomic distance r = r 0 = 20a 0 , on the basis of which Schrödinger's equation is solved for r > r 0 . The boundary condition takes the form of a specific choice of the phases φ S , φ T of the oscillating singlet and triplet radial wavefunctions in a small region of energy E and interatomic angular momentum l near E=l=0 [21] . This phase information was extracted from an analysis of the energies of the highest 85 Rb 2 bound states [11] , and of the g-wave shape resonance observed in Ref. [14] .
We also used available information on the total number of Rb 2 singlet and triplet bound states in this analysis [22, 23, 14] .
With the parameters thus determined we can calculate the continuum quantities of interest. For the 85 Rb + 85 Rb triplet and singlet scattering lengths, we find [11] a T ( 85 Rb) = −440 ± 140a 0 (v D (mod.1) = 0.95 ±0.01) and +4500a 0 < a S ( 85 Rb) < +∞ or −∞ < a S ( 85 Rb) < −1200a 0 (v D = 122.994 ± 0.012). A coupled-channel calculation allows us to predict a value for the scattering length of a pair of 85 Rb atoms in the |2, −2 state. We find a 2,−2 = −450 ± 140a 0 . Mass-scaling the phases to 87 Rb enables us to predict bound-state and ultracold scattering properties for this isotope too, in particular the mixed hyperfine decay rate constant G (2,2)+(1,−1) . In this mass-scaling transformation we correct for the different local de Broglie wavelengths, multiplying φ S/T (E, l) by a square root of the atomic mass ratio and taking into account the total phase change from the inner turning point to r 0 . We find excellent agreement between the bound-state and continuum properties.
As an illustration Fig. 2 shows the calculated G is almost equal to 8πa 2 2,−2 . For each energy σ increases to the quantum limit 8π/k 2 close to the resonance field value and subsequently decreases to 0 before returning to the background value. Apparently, although the maximum gradually disappears with increasing energy, the resonance shape is sufficiently pronounced to be observable in an experiment similar to that of Ref. [15] .
An important conclusion of our work is that we can account for all presently known properties of Rb 2 bound and continuum states with a single set of parameters. These include the triplet scattering lengths from earlier experiments [13, 14] , the highest bound 85 Rb 2 states measured in the two-color PA experiment [11] , the double condensate stability [10] , the measured scattering length a 
